Abstract-Mining techniques proved to have a successful impact in different fields for many targets; one of these targets is to gain customers' satisfaction through enhancing the products' quality according to the voice of these customers. This research proposes a framework that is based on mining techniques and adopted Saaty method targeting to gain the customers' satisfaction and consequently a competitive advantage in the real estate market. The proposed framework is applied during the design phase of a real estate residential building project as an improvement tool to design the building according to the customers' requirements representing the voice of customers (VOC). The proposed Saaty method adaptation increased the number of the consistent sample which was incorrectly excluded using the traditional Saaty method. Saaty method adaptation has succeeded in enhancing the house of quality (HOQ) by achieving the consistent technical customers' requirements for residential buildings, while customers' segmentation succeeded in focusing on the homogeneous grouping of customers.
I. INTRODUCTION
Customers' satisfaction is one of the continuous vital targets in business fields [1] . It is a fact that different researches have focused on customer satisfaction [2] either directly [3] or through other directions such as the process adaptation [4] [5] [6] .
No doubt that VOC that represents the customers' requirements is a vital factor that should be considered by any service or product firm to compete in the market against competitors and consequently to have a competitive advantage. However, as customers have different personality, their preferences will naturally differ [7] . As mapping customers to residents is one of the keys for successful real estate business, therefore, identifying the suitable customer to each territory is one of the current research objectives. To achieve this target, these presented researches have highlighted a focus on the Quality Function Deployment (QFD) for enhancing the HOQ through considering the VOC. Therefore, two perspectives should be considered for satisfying this variation and maintain the product quality as well. The first perspective is segmenting the customers according to their preferences, and the second perspective is to determine the consistency of these requirements. Different approaches have applied clustering mining techniques for segmenting the business customers [8] [9] [10] , which consequently lead the firm to focus on the defined set of customers for achieving their need with ensuring their interestingness in the resident.
Focusing on the real state field, QFD achieved by focusing on the HOQ, the first phase of QFD, to integrate and analyze VOC before the design phase. QFD was first introduced in 1960s, it was used by several companies but did not draw much attention [11] . Few years later, QFD was implemented in Mitsubishi Heavy Industries, followed by Toyota Japan. Later QFD entered the US in General Motors, Chrysler, Digital Equipment, Hewlett-Packard, AT&T, Procter and Gamble, and Baxter Healthcare.
This remaining of the research is as follows: section 2 represents the background describing QFD, HOQ, and advantage of using HOQ, importance of design phase, competitive advantage, and customer satisfaction. Section 3 introduces the previous research which applied the traditional method in HOQ, as well as Saaty Model with highlighting the customer segmentation research in different fields in section 4. Section 5 proposes the customers' segmentation framework based on cluster mining technique and the Saaty method adaptation. Moreover, section 6 presents the case study, calculation, and final output results. Section 7 introduces customer evaluation on the proposed work before and after implementing the proposed HOQ approach. Finally, section 8 is the conclusion and the future work.
II. HOUSE OF QUALITY (HOQ)
House of quality is the first phase of the QFD matrices, it is a subset of the QFD [12] . It is a diagram in a shape of a house with five walls [13] the left wall emphasizes the customer acquirements [14] .
The focus of presented research is on the left walls which include the customers' requirements representing the VOC. This research enhances the left wall impact on the design phase by determining the consistent customers' requirements with focusing on their importance level. Consistent VOC is determined by the adopted Saaty method while the importance rate is determined through applying mining techniques.
III. LITERATURE REVIEW FOR HOQ EVALUATION MODELS
Decision Quality has been considered in many research for many fields such as in [15] [16] . Focusing on HOQ in residential field, Olewnik and Lewis (2008) discuss in their research that HOQ is a supportive tool for decision making www.ijacsa.thesai.org which can be illustrated as a diagram with five walls where the left wall illustrates the VOC. Different methods are proposed for achieving the VOC, traditionally, a scale with a determined rate is used for the requirement evaluation [13] . Although the traditional method is widely used in a high range of applications and projects [14] [17], however, there results were obtained without excluding any customer sample which was a focus for many researchers due to its impact on the results' accuracy. Karsak and his colleagues in [11] used Saaty method in obtaining importance weighting in the HOQ, the results concluded that they were more accurate than the traditional method due to excluding the non-consistent customer samples in the HOQ calculations. Another research by Johny and Wong [18] which concluded that the examination of relationships was limited to those between the building system and selection criteria with the use of the AHP. Applying AHP (Saaty's method) for determining the consistency of the customers' evaluation can be illustrated in the following steps: Where m is a constant which value depends on the number of requirements [19] .
IV. LIERATURE REVIEW FOR CUSTOMER SEGMENTATION
BASED ON CLUSTERING MINING TECHNIQUES Traditionally, Customer segmentation is a significant method for providing a homogenous group while focusing on the customers' needs versus the market offers, however, customer segmentation can be performed by different criteria [20] . It could be based on their value, their lifetime value, or their customer need-based segmentation [21] [22] . Recently, firms are sharing the market in a critical environment in which it is a vital task to identify the customers' preferences and consequently determine the correct profitable decision [23] . Customers' segmentation supports driving the differentiation strategy as it is considered in this research a key for success for market initiative to customer/product matching.
In this direction, customer relationship management scope has been adopted to include the discrimination of customers' preferences. Including the customer life trend and assessing his current situation would be very efficient in predicting his preferences. Recently, data mining field has proved its effectiveness in the commercial field. Discovering interesting patterns such as correlations between stakeholders [20] , patterns [24] and others [8] [25] , could be different targets to use commercially [26] . Therefore, applying mining techniques could be very efficient for this target with respect to the available data [6] . Mining field offers efficient techniques including k-mean, statistics, neural networks, and others [27] [28]. Conducting the segmentation process through customers' behavioral approach especially in residential market can clearly illustrate the tacit market.
Customers' segmentation is considered an effective step [6] [9] [29] , yet, selecting the suitable method for segmentation is also a target that should be focused on in order to reach a satisfying result [3] [21] [30] . Traditionally, mathematical methods are applied, however, it could not consider the correlations and other relations between the entities [31] . According to many research such as in [23] [32] [33] , a focus on the customer value is a vital key rather than the customers' homogenous rate [34] [35] . Different approaches have been proposed which apply data mining techniques for CRM. A research in [32] proposed an approach for customer segmentation focusing on the customer behaviors while another research in [36] proposed a prediction 326 | P a g e www.ijacsa.thesai.org model to predict the return of investment for the retention activities. While decision tree is one of the applied techniques as in [37] , however, it is crucial as many decision could be a choice as the decision tree can provide too many instances as well as its large computation time which is one of the drawbacks in another mining technique named Neural Network (NN). While k-means is one of the traditional approaches for clustering [38] , however, it also has a considerable drawbacks. In this research follows applying the enhanced k-means algorithm that is proposed in [10] which overcome the traditional k-means drawbacks and provide other advantages in the computation as well as the output trustiness.
V. PROPOSED CUSTOMER SEGMENTATION FRAMEWORK
BASED ON ADOPTING SAATY METHOD Implementing data in the HOQ from customer samples was filtered to consider the consistent samples only. This was achieved by implementing Saaty method in all customers, the customer that turn consistent, their results have been implemented in HOQ. In this research, an adaptation has been recommended to Saaty method to gain better results, this adaptation has been applied and proved to gain more accurate results for the HOQ.
The results obtained from the HOQ, depend on the priorities of the customers' requirements and their preferences of these requirements as well as their value in the firm. These results considered in the design phase of the building. Implementing VOC in the residential designs leads the firm to gain a leading position in the market by surpassing customer expectations.
VI. KEY STEPS IN THE PROPOSED FRAMEWORK
The proposed framework includes two main key steps for reaching the required target. They are successful customer segmentation and applying the adopted Saaty method on the customers' data.
VII. APPLY KNOWLEDGE DISCOVERY FOR CUSTOMER SEGMENTATION
Earlier, K-means algorithm has been applied for successful segmentation, however, different enhancements have been proposed for higher accuracy. A research in [10] proved an enhancement by changing the centroid point from random point to the center point. More research in applied k-means approach by using median calculation, or metoid calculation. Each of the previously mentioned research has proved the accuracy enhancement.
This research follows the enhancement in k-means which is applied in [10] with integrating the enhancement approach. The main enhancements in [10] is to adopt the random selected point to the centroid point. This enhancement has proved to achieve more accurate clustering results, the enhancement included to minimize the computation complexity by determining a suitable threshold and assign the element to its first matching class according to the determined threshold. This approach has proved its effectiveness in the biomedical field. As it was one of the future research to investigate new fields, therefore, in this research, we aim to prove its applicability in a different field which is the residential market. The following is the adopted formalization for enhanced k-means algorithm steps which is applied for for customers' segmentation phase 
A. Adopting Saaty's Method
Calculation of C.I using Saaty's method by using the maximum value of  from all  values turned to be that max could be an extreme value and the other's are in range this will result that C.R will turn to be inconsistent due to that we have one extreme value and the other 's that are in range if used to calculate C.R the result might turn to be consistent. This extreme value will cause decisions taken to refuse samples in calculations due to the inconsistency. This extreme value will lead to inaccurate decisions to exclude vital samples.
The proposed enhancement for Saaty's method is including other  calculations to max, they are mean and median. Therefore the sample is decided to be consistent and is used in calculations of eigenvector and is used in the importance weight of HOQ if it had at least two of the three  measures to be < 0.4. This approach in calculating three  measures is performed to avoid issues with extreme values.
To obtain correct data in the calculation obtaining appropriate numbers or 's is mandatory. Obtaining appropriate data is reached by measuring the central tendency of the numbers (). Central tendency is a numeric value that measures the middle value of data set and the spreading data around it. Central tendency is performed by measuring the mean, median, and mode, each of these measures is calculated differently, and the measure that is used best, depends upon the situation. This approach has been considered in this research by including mean and median in measuring. Mode measure is the value that appears most frequently or is repeated several times, therefore mode measure was not applicable in this research due to that it is hard to obtain repetitive numbers. Fig. 1 illustrates the proposed framework phase which reveals the main applied steps to reach the required target. Section 6 presents the experimental study in which each step is discussed and applied in details.
VIII. PROPOSED FRAMEWORK ILLUSTRATION
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IX. EXPERIMENTAL STUDY
Most of the research apply the experimental results using a bench mark dataset such as in [39] and [40] , others used a real dataset such as in [41] , [42] and [43] .
One of the main strength factors in this research that the proposed framework has been applied on a real case. The proposed framework has been considered before design phase on residential buildings using the proposed adaptation of Saaty method. The experiment was performed on 'Abyat' which is one of the real state firms in the residential Egyptian market. The firm is located in the capital city of Cairo, in the province of Mokattam. The firm's targets the B-to B+ customer segment which are the medium value customers that represent around 40% of the market.
The target of customers' segmentation is to focus on a determined segment targeting to develop a real residential to this selected customers. Selecting a determined customers' segment is a positive step towards consistent requirements which is a positive support to the proposed Saaty method enhancement to ensure effective results.
Abyat Company targeted to build nine buildings in Mokattam area. The aim was to select from eight to fourteen customers of its customers' pool, apply the research phases on these customers' data and requirements, and then build the residential design according to these requirements. The experiment went all through the phases starting from selecting the customers, build the residential design, and build the residential according to the results performed from this research. Furthermore, a review has been developed to gather the customers' response and the results of this review is presented in this study. The study presents the old residential design and new design according to the recommendations of this research. Then the study presents the approval of the Egyptian government for the residential building and photos for the residential in its final implementation stage.
X. CUSTOMERS' SEGMENTATION AND REQUIREMENTS' DETERMINATION
Collecting customers' requirements were performed by interviewing sales persons who have direct contacts with customers to collect the required customers' data. According to the sales persons, the customers' requirements have been determined which is required as a preparatory step for the customers' segmentation. The experiment collected data for 120 customers, then Enhanced k-means algorithm is then applied. According to the limited number of customers that were required for the experiment, a segment with ten customers was selected [44] . Other segments included either more than 14 customers or less than eight customers which were out of the research limitation. Table 1 presents the internal and external requirements that are collected from the customers' segments. www.ijacsa.thesai.org In this process the HOQ was implemented with the data that has been collected, the left wall of the HOQ is the VOC, the upper part of HOQ is the technical specifications that represent the needs of customer but in technical specification made by experts. In this step the implementation of data in the HOQ left wall, right wall, roof top, middle house, and foundation, without the weight of importance in the left wall which will be calculated using the proposed improvement of Saaty method.
The following is a sample of applying the proposed adaptation on one of the customers' data (Customer 1). Table 2  presents MRcustomer I while table 3 illustrates the values of P and Eigen vector for customer I preferences. Table 4 illustrates the M, Moreover, table 5 presents C.I and C.R for customer 1 to determine the consistency of his preferences.
According to table 5, the requirements of customer 1 is consistent, due to that two of the's turn to be consistent, this sample customer data will be taken in the calculation of the HOQ. According to the Customers' requirements, Saaty's matrix is determined for each customer. Table 6 presents a sample of Saaty's matrix for 3 customers as an example including max, median, and mean. The table data shows that depending on max only will lead to inaccurate decision considering the requirements consistency while considering the three measures leads to including customers in a more stable approach. Using three different eigenvalues () three C.R were calculated for each of the ten customer, due to the three different values of , as described before in the improvement of Saaty's method, the samples that were accepted to be consistent is the samples with at least two of three consistent C.R's, in this case only four sample (sample 1,2,4 and 7) turn to be consistent, and these are the samples that will be taken in all calculations. Vol. 10, No. 7, 2019 329 | P a g e www.ijacsa.thesai.org A new average matrix is formed from a ten consistent samples set, by obtaining the average matrix with the calculation of the eigenvector and implements the left wall of the HOQ in the weight importance column and therefore continuing the HOQ calculations. The importance weight in the HOQ foundation identifies the most important technical feature to the least important. Importance weight in the foundation is calculated by taking every technical column multiplying first need by the relative correlation in the row and adding the next requirement after multiplying it by its relative correlation.
For example, the importance weight of the third technical requirement apartment area between 110 and 150 is calculated as follows.
Weight importance = [ (0.1*9) +(0.1*9) +(0.2*9) +(0.1*9) +(0.1*9) +(0.2*1)] *100= 487.6
Relative weight is calculated by dividing importance weight by the total importance weight and multiplying it by 100 as follows:
XII. APPLY RESULTS
The final result obtained is shown in fig 3 while table 7 shows the ranking of the most important technical specifications that the design team needs to follow.
According to the experiment results, the residential design has been changed from fig. 2, fig. 3 and fig. 4 according to the technical requirements updates. 
XIII. EVALUATION
After applying the results from HOQ, a survey has been applied to measure the customer satisfaction after the design updates. The customers were asked to give their feedback with a scale from 1 to 5 (where 1 is not satisfied and 5 is extremely satisfied) to compare their opinion for the first residential building design, with the new design that was obtained from the HOQ. The evaluation results are shown in table 8 which proves the higher satisfaction level using the new design.
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Two kids room 3 5
Reception area fits more than two full furniture units 3 3 Large bathroom for family use 2 3
Apartment at front view not back or side view 2 5
Elevator

5
Attractive entrance 4 4
Attractive elevations 4 5
Garage for cars 3 4 How Are You Satisfied with old and new design 3 5 XIV. RESEARCH SIGNIFICANCE Implementing the market with a product made by the VOC helped the organization turnover to become faster during the time period of the project. The main contribution in the research can be summarized in two main points: the successful customer segmentation which is performed by applying the enhanced k-means algorithm and the customer samples requirements consistency by considering three measures in the adaptive Saaty method which are median, max and mean. According to the experiment results, applying customers' segmentation supported the proposed framework in gathering the most related customer in one resident, and including customers' requirements that could be previously excluded when using the traditional Saaty method.
XV. CONCLUSION AND FUTURE RESEARCH
House of quality is a valuable and flexible six sigma tool, as it was used on several products and services which was also very useful in real estate. House of quality helped the firm's architectural engineers to improve their design feature and specifications as per customer requirements, which leads the company to gain a competitive advantage in the market and customer's satisfaction. The importance of the results obtained from the house of quality ranked the important features of the customer from the most important to the least, which lead that the design was developed by the most important features the customer required to gain in his residential building.
The proposed approach has been applied and a real resident has been designed. The customers' satisfaction is measured using a survey which highlighted a higher satisfaction level with the new design. Currently, the resident is under construction in the real world in Mokattam area in Egypt.
The authors selected the residential field as information systems rarely applied in this field. Future directions is to confirm that the proposed approach is not limited to be applied in the residential field, the authors have a challenge in next research which is to prove the positive impact of the proposed approach on different fields. Another direction is investigating other data mining techniques to increase the approach accuracy. The authors also highlighted the necessity for the collaboration of different techniques which have different nature, one is heuristic approach and the other is a statistical approach.
